Quantitative estimates ofrisk, and their comparison with quantitative estimates ofbenefit, contribute usefully to decision-making in many fields. In medicine, our assessments of the probability of harm, and of the likelihood ofbenefit, resultingfrom manyprocedures are at present vety limited. Moreover, the comparison ofrisk and of benefit is difficult to make in any quantitative way, whetherfor a procedure in general or, even more so, for its application in any particular patient. Yet it must be ethically insecure to propose or to use a procedure without some assessment, however approxitmate, ofthe hazards involved, and without some indication ofwhether those hazards will be clearly offset by the likelihood of benefit that should result from use of the procedure.
In medicine, as in many other fields, the long familiar problems of balancing risk and benefit are being looked at in an increasingly quantitative way.
There are many reasons for this. Bolder surgical and pharmacological methods have become possible in the treatment of severe or life threatening disease. Are the greater hazards of the treatment clearly outweighed by the better cures or palliations that they achieve? Healthy people are being screened in various ways for the early detection of malignant disease. Could any of these mass screening procedures, and particularly those involving some radiation exposure to large numbers ofpeople, be liable to cause more disease than they detect or prevent? Or, to press this question more sharply, above what age do you gain, on balance, by such radiological screening, and below what age do you lose? Similar problems occur with vaccinations. What is the break-even point for mass immunisation against diseases which, with the widespread use of immunisation, have become less frequent? Such questions ask for quantitative answers, and it is ethically insecure to have to proceed without such answers, or without trying to obtain them. And many people must surely have the responsible attitude of wishing to possess solid evidence of the overall benefit of the procedures that they use or advocate.
There was no problem, overtly, when it was possible to believe that most treatments or procedures involved no risk of any serious consequence; and that, for those few which were clearly hazardous, the urgency or the benefit greatly outweighed the hazard involved. A dangerous ' This appears reassuring. Yet when thiourea derivatives had been found to inhibit thyroid activity in animals, thiouracil was widely used to control hyperthyroidism in Man, either to avoid the need for subtotal thyroidectomy, or at least to restore the thyroid activity to normal at the time of operation. Within a few years ofits introduction, however, three reports (2, 3, 4) had appeared, which showed a mortality from agranulocytosis of 0.4 per cent of patients treated with thiouracil; a risk 25 times greater than Girdwood's highest value. If safer and equally effective derivatives of thiourea had not rapidly become available, the problem would have. been whether to accept the commonly high risks of thyroidectomy in a still toxic patient, or the combined risks of preparation for surgery with thiouracil and the greater safety of operating on a euthyroid patient. Essentially, the problem would have been, not only ethical, but also numerical.
The risks of thiouracil treatment were fortunately identified early in its clinical use. When radiological screening was introduced in Japan, however, for the early detection of gastric carcinoma, which is the commonest cause of death from cancer in Japan, there could be no early prospect of establishing by observation whether more deaths from this malignancy would be prevented by such screening than might be caused by the radiation exposures involved. The mean latency for development and detection of radiation-induced cancers is probably of20 or more years; and after such a period of time, the overall difference in mortality between screened and unscreened populations might be difficult to establish statistically, even if it had been thought ethically sound to pursue a large unvalidated screening programme, with unscreened controls, for several decades. In this case, however, the risk estimates for cancer induction by radiation had been rather reliably established for a number of organs (5) .
It was therefore possible to form an estimate of the approximate number of cancers, both of the stomach and of other organs, that might ultimately be induced by the radiation doses to the various tissues exposed during such annual screening of healthy populations. These estimates were combined, by Iinuma and his colleagues in I979 (6) , with data on the number of stomach cancers that would be detected by such examinations at different ages, and the reduction in mortality achieved by their detection. These estimates were possible because, already by I978, 4 million people were being screened annually in Japan for stomach cancer. On the basis of these data, it appeared that screening at ages greater than about 30 in either sex should increase life expectancy, by cancer detection, but screening at younger ages should reduce it, by cancer induction.
This analysis appears, and was admitted to be, tentative, approximate and complex; but what is a better alternative? Is it ethically sound to screen without seeking to estimate whether more harm is being done than good, or to refrain from screening for fear more harm would, on balance, be caused? Or, if screening is being practised, is it ethically sound simply to guess at the age below which screening might be positively harmful?
In this instance, one aspect of the problem at least made for simplicity: the comparison was of like with like, of cancer deaths with cancer deaths. Using evidence of the average latency of radiation induction of cancers, the increase in life expectancy was assessed according to the estimated numbers of early deaths prevented and later deaths induced.
In other cases, the comparison is more difficult. (8) as having been carried out (against eight major types of infective disease), suggesting a low risk of death of about i in a million from vaccinations as used during that period. Even if only the deaths were considered however, and compared with the number ofdeaths in unvaccinated children from these diseases, parents would view very differently a death due to their decision that their child should be immunised, and a death due to their omission, or unwillingness, to do so. Mathematically, and perhaps in simple terms of public health, it is preferable to accept a risk of causing one death than to allow more than one to occur naturally. Emotionally it may not be so easy. The problem is difficult even if the risk can be expressed in clear cut terms -a probability of certain defined permanent or temporary disabilities -but the benefits cover a range of improvements in health or in the quality of life. The perceived value of different harms or benefits will not be the same to different patients, or to patients and their doctors. If an operation carried a 5 per cent mortality, but gave a 50 per cent chance of radically removing a cancer which would otherwise cause death after a mean period oftwo years, it would be easy to calculate the average gain in life expectancy conferred by the operation on a man of stated age; but it would be difficult to know what relative weights he would attach to survival during the next two years, and to survival during a subsequent 20 years; and the quality of life may enter the calculation as strongly as mere survival.
Radiotherapy was at one time widely given to relieve the pain and limitation in severe ankylosing spondylitis. It was however found in I965 (9) that patients so treated had an increased risk of death from leukaemia following the bone marrow irradiation involved in the treatment, and from cancers of other heavily irradiated organs. Consequently the use of radiotherapy in this condition was largely abandoned. Alternatively, ankylosing spondylitis had been effectively treated in various clinics in Germany by intravenous injections of a short half-lived isotope of radium (radium-224). The radiations from this radio-x82 Sir Edward Pochin nuclide, when it became concentrated in bone, had had a similar beneficial effect on the adjacent spinal joints to that of external radiotherapy. This treatment also however was found (io) to carry an increased risk of induced fatal malignancies, in this case of bone sarcoma, and has largely been abandoned in consequence.
The risks of later death from induced malignancies were of about i per cent following the treatment by external radiotherapy, and probably about 4 per cent after the radium injections. These fatality rates seem so high that safer alternatives should certainly be used if they are equally effective. It is not self-evident, however, that there might not be patients who would wish to accept a i per cent or greater risk of death from malignant disease many years later, if effective relief from a painful and disabling disease was not obtainable otherwise. Perhaps the ethical issue here is whether these therapies were abandoned because they were recognised as causing cancer, which for any physician would be a compelling reason, or because ofthe probability with which they caused it.
In a report to the World Health Organisation (WHO) (ii), the difficult problem ofthe risks taken by volunteers is considered in the context of research involving radiological investigations. The risk of causing either a fatal malignancy in the volunteer, or any substantial inherited defect in his or her progeny, are estimated for investigations involving different levels of radiation exposure -whether by conventional x-rays or in nuclear medicine studies. Most such procedures deliver radiation doses of less than 0.5 millisieverts (WHO's Category i; i millisievert in Systeme International des Unites [SI] units corresponds to ioo millirem in former units) or of between o.s and 5 mSv (Category II). These are doses comparable with the 2 mSv received annually from natural sources of radiation. At these diagnostic dose levels, the risks ofinducing a fatal cancer are likely to be in the region of 2 per million, and 2 per ioo,ooo for studies in Categories I and II respectively; and those of causing inherited defect are on average about half as high.
Risks of these sizes are difficult to grasp. In an individual who had volunteered for five separate studies in the higher of these risk categories, the probability of dying from malignant disease would be increased from the normal value of 22 per cent to 22.01 per cent. Or, put otherwise, if each research in this higher category involved 30 volunteers, one death from cancer, or one inherited defect, would result from every iooo research projects.
Such numbers do not solve problems, but they do allow some perspective to the investigator and to his ethical committee, and even perhaps to the volunteer. Viewed simply in terms of benefit and harm, it is easy to feel that the planning and approval of research would be either very bad or very unlucky if iooo research projects did not result, worldwide and in the future, in the saving of one life. With risks of this low order it becomes relevant also to compare the safety of the investigation with that of simply reaching hospital or clinic to have it done. The child who comes ten times by car to have his height and weight measured will already have earned a fatality risk of more than 2 per million from traffic accidents if he lives more than ten miles away (I2). And these are levels of risk which must be exceeded every few minutes on the mountain by those who volunteer to join search parties to save lives in verglas (iced-rock) or avalanche conditions. A single individual known to be at risk is a more compelling objective than a statistical probability of a dozen lives that might be saved; but how much more?
Many ofthe difficulties in assessing the acceptability of medical risks result from inadequate knowledge of the size of the risk, or of the way the risk varies with identifiable features of the patient's condition and perhaps of the available medical facilities. More uncertainties come from the even greater deficiency in estimates of the possible or expected benefits. Liver biopsy used to have an average fatality ofabout i in 500 in the 1950s, which fell to i in 5000 in the I96os with the introduction of the Menghini needle (I3) . What is the size of the benefit? Were the risks high enough to exclude liver biopsy in distinguishing between hazardous conditions requiring different forms of treatment? Presumably not. Were they low enough to justify biopsy if it could not influence treatment but might guide prognosis: probably so in many patients but not in all. The benefit of selecting the appropriate treatment might be simple to evaluate quantitatively; that of assessing prognosis might not. And each estimate of benefit would depend additionally on a range ofidentifiable clinical factors, as indeed the risk of the procedure itself must depend, for example on liability to bleeding from dilated capsular veins or from reduced prothrombin levels.
The difficulty of adding incommensurable components of risk, or comparing them with incommensurable aspects of benefit, is often thought of as negating the value of risk assessment or risk benefit comparisons. Certainly the arithmetical addition of apples and pears is bad practice -whether the apples are immediate deaths and the pears are late ones, or the apples are anxieties relieved and the pears are the hazards ofa biopsy that may relieve them. But it is hard to believe-that some quantitative assessment of the benefits and the risks, the numbers of apples and of pears, would not be of some help in reaching decisions or giving advice. And certainly it should be of more help than merely acknowledging that there is fruit on each side of the equation.
In some situations the question is posed differently, in terms of a cost-benefit relationship. How costeffective in saving lives are renal transplants or dialyzers, or, for that matter, motorway crash barriers? How cost-effective in saving lives is the elimination ofsmallpox? Such questions seem medically obnoxious, requiring as they do a cash evaluation of human life (except for the smallpox one, which must win hands down on any criterion, having been achieved at a cost to WHO -on a rather precarious economic argument There are certainly likely to be better indices of the harm of a practice than simply the probability that it may cause death. For example, the average length of time lost, and the periods of impaired health or activity, give a rather fuller expression of the harm that the practice may cause (14) . In this way, the occupational risks of an industry could be expressed in terms of the sum of several components, presumably with appro- Table ic Risk of fatality 
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Scuba diving (UK, sub-aqua club members priate weighting factors for each: the absolute loss of life expectancy, as assessed from the annual frequency of deaths from accident and induced disease, with the ages at which such deaths occur and the normal life expectancy at these ages; the average annual loss of normal activity, as judged by the recorded numbers of days off work resulting from occupational injuries and diseases; and the annual frequency of permanent complete or partial disability, with the ages at which such disabilities occur. A similar criterion could be applied to other hazards. The risk of death from disease attributable to smoking can be assessed at a rate ofrather over io6percigarette smoked. Such deaths, if they occur, occur at ages which involve an average loss of about 15 years of life expectancy. On this basis, and ignoring the'periods of sickness preceding death from the lung cancers and cardio-vascular disease, smoking could be described, perhaps rather absurdly, as involving an average loss of life expectancy at the rate of about one and a halfhours per packet of ten.
It is, at the same time, important to recognise that different individuals will 'perceive' the risk of a given situation or procedure very differently, in part from lack of information, or misconceptions, as to the magnitude of components of the actual risk, but much more because of varying opinions about the unpleasantness of different types of risk, and perhaps also from a more realistic assessment ofthe importance of anxiety than will ordinarily enter any evaluation of the magnitude of risks. This whole field of 'perceived risk' deserves closer and more critical study, and not least in regard to medical risks. In other connections it has been pointed out that different weights will be attached to risks of equal size, according to whether, for example, these risks are regarded as self-chosen, or imposed by authorities, or by their nature unavoidable, or involving immediate or delayed harm. For example, in the field of radiation protection, uranium and other hardrock miners are exposed to a risk of accidental death from rock falls and other traumatic events, and to a rather smaller risk of death from lung cancer induced by inhalation of radon and its radioactive daughter products. The occupational mortality rate is presumably to be assessed as the sum of both risks; but what relative weights should be given, or are given in the miners' opinion, to an immediate traumatic death at the time ofthe accident, and to a death from cancer, but from a cancer which only develops somne 20 years after the causative radiation exposure.
Similarly in medicine, the proper review of risk and of benefit, and the assurance that overall benefit is obtained with minimised risk, can never be a simple matter of knowing the probabilities and doing the arithmetic. Different weights must apply to different benefits and different types of risk. Yet the weightings will not be the same in the mind of the informed surgeon or physician, and in that ofthe anxious patient or his family; and it is the benefit or risk to the patient that is at issue. It must be ethically important to adopt a course of action which the patient perceives as giving him the greatest benefit; but it must be ethically even more important to offer suitable advice as to which course of action seems likely to ensure the greatest objective benefit. Such advice must take many considerations into account; but one consideration should surely be based on knowledge of the probability of different consequences of'the action.
Quantitative evaluation of risk has a long way to go, and that of benefit perhaps even further. Ethically, however, it seems important to develop these forms of objective assessment as one essential component in decision making in many fields, and not least in medicine.
Commentary
Hugh Cannell, The London Hospital Medical College Brecher argues that ambulance drivers, nurses, doctors and other hospital workers do not have special moral obligations that prevent them from striking in circumstances where workers without those special obligations would be justified in striking. I wish to argue against this position. People voluntarily undertaking work in the emergency services, implicitly or explicitly undertake co-operatively to provide these emergency services. Since striking is not compatible with such a provision, implicitly they undertake not to strike. This does not, as Brecher alleges, mean that they have a special obligation not to give up the job -for given reasonable notice it is generally possible to find replacements so that the emergency service can be maintained.
There is no reason to argue that because some workers do not accept the special moral obligations of providing emergency services, therefore no workers can or should accept the special moral obligations. Indeed it is patently obvious that such 'moral relativism' exists. While there is no moral obligation to take on such supererogatorv commitments, once one has taken them on there is a moral obligation to honour them. Brecher states 'either there are or there are not moral grounds why people ought to become ambulance drivers, ought, that is, to take on, among other things, the special obligation in question. If there are such grounds, then I cannot see that they could fail to apply to everyone . . .'. It is obvious that there are many voluntary moral obligations that people are free to undertake but which do not apply to everyone. What does apply to everyone is that moral undertakings should be honoured.
Volunteer life-boat men are obvious examples. They voluntarily commit themselves to accept the special obligations of the task, including the very special obligation to provide an emergency service at great risk to themselves. Why should the moral obligations undertaken in volunteering for unpaid life-saving work differ so greatly from those voluntarily taken in paid life-saving work? Emergency workers including ambulance men voluntarily accept the special moral obligations of their callings and are aware (often with pride) of the special risks and burdens which are involved. It seems an implicit part of those burdens that the normal strike weapon is eschewed, and it may be sensible to make this explicit in the contract of employment. Such work has its own intrinsic satisfactions, including a certain moral satisfaction. To incorporate an explicit 'no-strike clause' seems justifiable not only on the grounds that it is wrong to inflict suffering on innocent and already sick third parties in order to achieve one's own economic ends but also on the general utilitarian grounds, that welfare is likely to be maximised by such arrangements. If these in practice resulted in inadequate recruitment, no doubt this could be remedied by adjusting wagesperhaps also by linking these to the wages of other groups not morally bound by no-strike agreements.
Two final points: To use words such as 'strike', 'weapon' or 'threat' in debates about ethical issues implies a bellicose if not a non-moral stance. Furthermore the acceptance of the term 'strike' as being synonymous with 'not working' rather than seeing it as a withdrawal from an agreed contract, would appear to beg the moral issues involved. 
